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Abstract of JP 2002205180 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for laser beam machining, by which a molten point 
or a crack deviant from a planned cutting line on a 
surface of the work to be machined is not generated 
and the work to be machined is accurately cut. 
SOLUTION: A property modification zone is formed 
inside the work 1 to be machined by irradiating the 
planned cutting line 5 with a pulse laser beam L by 
placing the focal point inside the work 1 to be 
machined under a condition that a multiphoton 
absorption takes place. By cutting the work 1 to be 
machined along the planned cutting line 5 originated 
at the property modification zone, the work 1 to be 
machined is cut with a comparatively small force.; 
When irradiated with the laser beam L, the pulse 
laser beam L is scarcely absorbed on the surface 3 
of the work 1 to be machined, thus the surface 3 is 
never melted due to the formation of the property 
modification zone. By changing the location of the 
focal point of the laser beam L in the incident 
direction of the work 1 to be machined, a plurality of 
the property modification zones are formed along a 
line in the direction of the thickness of the work 1 to 
be machined. 
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y . ttE*ix*rft*©ttK?£7<f >i=»oTWElnx 
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wriHinxsaifcicfiawsii^u-ifjitfflsrjBjnxsjfttt 

^©A»*lRll=telt« U-^&©*3tej§©tt«£3£x.4 
J;5l=a«»fift-*-*xS*«x.«. U—tPJPx^ 10 

[«*3!2] u-if*©«3fcja*iipxj***fl!)i*jai= 

y , Htiiaft]X^^0«iBf ; ?S^i' >l^;ao-CHufSinx 
»ft*a)rt»l=i»K1i**»rtL, fro, 
!9EttXjffc*j!=BH»**L* U— »f3fc<D|(rElDX»ft«i 

c i i= * y . ffita&ii nns s «HE a»*iri icse otM 
«fc3i=a»»*-r*xa*«ts.«. u— tfjrax^a. 

[«*R3] U-1f#©*&jSfcfcl+ae-$y<Q- 
Sj£*<1 x 1 oa (W/cm2) «±T*&oT/<;i/Xi|iA<1 /i 20 
sSlTOftfrt, U-lfftOftftdSfeXttftttOI'l* 

fz-&*5-i±TMfB*ax^^feic [s-vatzmm-tzz t lz 

i»**(0rt«l:*Jl**«»*L, fro. 
WBJnx*MWfcl=88lt*4i4 b— y£©flMejtaxtt**i 
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mux i ~ 4 ©i>r*i^te«© u— t^nx^a . 

[«8©B«lftI£B] 

[000 1] 40 
[*«©■*«»»»»] *flBHIi, 
E««*«tt**7Xattt*©lHX»jfc*©fllBrr=ttffl 

**t* u— tf»x*i6i=H-r*. 

[0002] 

mm<D&m u-ifjisffl©-oi=aw4<fty, u— * 
i=«fc*Httttftttwi**©ayc&4. 
x/vp#7*£&© * a <cinx^ftife©«!iHrr«nBr 

ic. Jnx»»*i«(Rft-r*»*©u-if3lfctH»L. u 



zmmt&o Lfru w©*ft-ciijni»»tt©*ia© 

T, !PX»fttt36<i|i#ftH,x/\<D»^, x/\© 
SiBKtftfSftfc****?©?*. ±E««ft5fil=tt 

[O003] 

»*H6±1-4*ftt Lt, flx.tf s ttH2 0 0 0-2 1 
9 5 28-§^S-\!>4$H2 0 00-1 5 4 6 7 -^SHgdM 
SSiifcb— tfl=J:4flOBr*a4<fc4. C*i&©4H8© 
«K*a-Ctt. J0X»a*©«lBfi-4ttBr*U-if*t 

!PX»ft«i©flIBi1-4ttBftlMB»«ifei:*-&-ClllX» 

[0 0 0 4] LfrU ^4i6©^«©«IBr*ftT?l4, A 

x»»fti=±i:*iMt*3&«*#L^» lnx&fttt©«ii 

«:i^©>Hf«-e©n«t«©?«s4iui4ti^-r«= 

tfrfcS. iot. ^*L6©«IK*ft-Ctt«»«IBf*t- 

***:h.fc#7**fi©ii*. =©T«iftiMii=«fcy 

*fc» C*i&©W»f*a-Cl4¥«&A.*x* 
fr**£l>©T% *W{t?v^*l=*jL*»Myj« 

[0005] *fgw©a«itt. bx«fttt©«iEi=7« 
u u— if iox*a*»«-r s ct-efes. 

[0006] 

[fl!H*»fc-*-*fc*>©^8] *«WI=««U— WOX 
*ftl±, 1f*©«*jSl*10X»»«|©|*J»{=^t>-a: 

r»x»**i=u— «f**H«rr«B^fci=j:y. inx». 
tMowmvn.u >t»oxinx««*©rt»ic^3fc 

U fro N 3nx»jMilcji 
u-if*©lPX«**^©A«*iRii=feit* b 
— «f*©Jll*jS[©tt«**7i.* = tl=«fcy, &ftfiif&£ 

[o o o 7 ] xmwizmz u— iwpx3&*i= **itf. * 
x»ft*©rtatjim6jfi[s^-frT u— y , »*jiitLfr 
^%TmsLti^m^mmir^zt[ziiH ^ jpx^ 
**©«»i=aR«**»rtUTb*. mx»ft*©«i 
■f*-««afi=fir6*©Bjfi*fc*t, inx^fttt^ttfi 

tt<h * ft* "CM o TfflKf « c t # « . *»K left 

T«5-f>i=»oXinx»«*4nB*i* cilery. 3ta 
x»M(itfflBfrscfc3&<-c*i. ioT, tt«tt/h4 
ft*-c»xa»ifct««ff *ct4«-e**©-e, jpx» 



(3) 



#§12002-205180 



, mHt& t it U— VttttfMifc L fcttfiff © z t T* fe S . 
[ooos] *fc, Wni»ttl=**i 

T*ft«*£»i*L-Cl^. toT, jQX*f«lil©$® 
Tfttb^*A<K^£ftJS*:|xfcl*©-C. inx»fc*8 
©«®#^®^£-<tf;t:£:l\ 

[0009] *fc, *f6Wi=filSU'— »fJnx*ai=J:*i. 10 

l£\ JDXS***(=K»**i4U— « s 3ftfflJnx»ftft^ffl 

jslths. zrofcto, mx»*«i*«i«rr4Bi=fi^ 

rtt, «x.iiiiox»jMiB©ji**finf»B#*fiii=iis-r 

[0010] *^B^icii^ u— tfinxs&tt, u— if* 
©*3fc^i*lnx»ftUi©rtaii:*t)-&TliPX»«*i= u 
—tfftZmMtZ z t 1=* y , inx#**iffl«iK*je7 20 
-f>i=»ormx»**©n»i=ajiffi*t»*L. * 

o % HPX»*ftl=B»*ji4U— "fifcfflJiPiSjW*^© 
AJN*fiH=fc(t « U— y3ft©**jil©tt«**jL* - 1 

jiw-sxa****. c *f = , 

l=fll« U— «fJnx*»tt, U— «f#©£#£l::fcltS tf 
— $7/^9— ^j£#1 x i o 8 (W/cm2) Jai.±-Cfco-O^U 
0siaT©*tt"C, u--y%©**jiSSinx# 
**©i*j«w=^*3-e-r Jnx»»*i= u— 
citicfcy, toxtffcttcttBM^-rvicJBoT-inx 30 

»**©«»!=**«**»* L, frO. 

gg|t£;h.-5 u— tf#©inx»*lii^©AM*fii::few-s 
U— «f*©**jia©tt«S*«.«Cfcl=J:y» t&KHifS 

t Aa^m=»orats:j: a *xs*« s. 
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fr-jzamwtfmm Lfct> u— «fjnxa«-c*fr~jaix» 
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x 1 08 (W/ctf) ia±©ft<*Tf#3fe ; f- 
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«. *fc, »>%©*«« u— yjtwstaitu— y*© 

[0017] c©*7ft**T*4ift3pJffl-rs*SJt» 

mi~m& \s— tf jraxwisaicoLxTii 1 ~h e ^fflt^x 
KBjfS. @i l±u— tfiox*©jnx»^®ii ©¥®H 
■e fe y . a 2 i±g| 1 iz^-t tiajL*tm.W> 1 ©ii-ii^ic^ 

ofcWiBH-Cfcy. 03I4U— WklXtt©lPXMMb1 

©¥®mT'fcy. @4(±ig3r:*i-jpx^ii!Bai©iv- 

IV«l=»-3fcKBSBB-C fc y » B 5 M:H 3 ic^-T Jni»» 
ft1©V-V*l=sa^fcKiiiHTfcy. H6tt«W44ifc 
lnx»»*i©¥iBH-efc*. 
[oois] m ixtfi 2 icst «fc 5 mxwMki 

©«iB3l=l±«lWT367-f >536«fc*. «»rP£7-f> 

— Wtaxtt. **^*Jft4«4i:*fttt-eipx»ft*iffl 

«»l=«*fiP***ra-C U—tf3ftL*Jinx»JMi 1 legs 
lfUTifc«W7*lWjW*. «*iittb— tf 
3feLi^3t UfcSfilT© Zt T-fc5o 
[00 19] U— i«ia.t«lBrP£5-f >5l=»oT • 

#4. Z^il=«ky, H3~HSI=S-<-J:3l=3[JHa«7 
A^Bf^S^'f > 5 l=»oTlnx$JJfc* 1 ©rtSic©^ 
B^^^iSo b—WPXj&ftli, Jnx 

4«u-if3H.ft«J|jrr*cii=J:yjnx»ii* 
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1 &m®2ii:XiSLK®®7ZMtfLtZ>0'eitti:l\ tax 
ttfttt 1 I- U— !f 3fcLSaiB4-a-ttX»jfeft 1 ©rt»f:: 

■W*4*tfH*fl>T!, JBl»»ftlO«BB3jWMfcf* = 

[0020] Jnis*** 1 ©«i»ri=fc^r, tjK-r-Stt 
Bfl=jBjaa6»fc4iJnx»ftft 1 (4-t©j£jSfr &»*!.*© 

ttlNH'<& = l:*<'e*S. iot, iaxs*^i©*S3 10 
i=*aBfcfMiSfs±*-&<6 ci*:< jnxanMb 1 (Dm 

[0021] 46. a««*€iejst Lfcmx»«fta) 

!PX«tftttl=AJkn«AA(QlDi4i«Cj:l=J: 

*j6flSK**ia»*-Cfc«. cftli, fliLtflnx^** 
©S#tf;fcSl.*«£©ttlWCfc4. AAWftiJ^Wln* 

rmxaat*i=*im**^RjE**jiPit.fcy. anx 20 
4i=*y. an»**ieAi:LTiPx»*tt©Bfiii*ra 

©HKm&WSI***, WtlWi'io^tWitfci), 
jbx»**©»*jW*#la»*, *££Ai=iUka>3[|( 

36«»J***irL»*l>a»*-C«*i4«jfejfe*Ci:36<J&:< , 30 
&ft9J£J&J£ Lfc»#©*£t«f*-* C t&X£Z<D 

■>x/\*©¥^*x/\©JJteli»<ti:««ffll::a*© 

t% c©*5*«»tt©J:t^ii>f*ai4*«*»-eft 

-5c 

[0022] **tt»tti=fii»r**^«kJRf=J: 
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5o 

[0023] ( i ) *jwb*3&«— axitaa©^ ^-y* 

i^79*fWfl)JH 40 
U— 1f**JOia**- (tt£tf#7;MM.iTaa3fr&ft« 

ii**m> ©rtapi=**fi«*t>#r, **iia'i=feit« 

WHMBtfl x 1 0« Of/at) -fiLh-Cfro/OUXlWlti 

/isaTfflftfr-cHSrt-*. c©/^ux*E©*#*r±, 

— 5?*^a.-fl=. ftlX»fttt©A«I=©^7 9^1S« 

«»*-e#**fr-efc*. c*u=«fcy, aax*HMfe©A 
5o =ffl3t*tt«*i=j:yipx»jfc*fflnw=tt»r# 



«A«*H5„ *#afiffl±lfi«J: LXlts flxtf 1 
x 1 0'2 (W/cm2) T?&S„ /<;UXSl*«i(.tf 1 ns~2 
OOnstf&SLl*. ft*>\ ZftfrVkM-kZO^vVft 

*©»*!*. SS450U— «f»inxw3e*ttx 

1 (1 998$. 12fl) (0l23i~g28lfl) T@ 

(tb— !f-»«»=**#5x»*©rtW-*-*:/4fj 

[0 0 2 4] **IB#I±, 

i©B8«*smi=«fc y*»fc. sus*fri4*s?©ay t* 

fc*o 

(A) ftXftttMfe: (Jt£ 7 0 0 // 
m) 

(B) U— tf 

#31 : *WtU-1fJBfiHd:YAflU-1f 
jfcg : 1 0 6 4nm 

U— «f*X#?» : 3 . 1 4 x 1 0-8 cm2 

IBSKffi : QX-fy^/^UX 

MySUMMk: 1 0 0kHz 

/<;UX(i : 3 Ons 

fflTJ : aj*<1mJ//^l/X 

U— tfateSR : TEMoo 

(o m%mv>x 

(0) ttx»*tt^tta$ti«ft*^©»nsft: 1 o 

Omm/8? 

*©»fi^****ira£*«M-«. 
[0 0 2 5] H7tt±E3O*©«*£jS*07 7-efc 

-5„ awttif— s»/<9HB*-e*y, b-+f^/^x 
u-if*ft©-c«*3t*tt if-* 
s„ sffi«iiii/<jux©u--y i 3fciz«fcyinx/>f^©rtgp 
l:»**iifc«^«» (f7-;J^h) ©*# 

sssrlti**. *7v*xjK^ htf*«y*?9*« 
tffcft*. ?7-;f X/H^ h©*#£tt, *7«yfX7K 
» h©^#©7^«*©ft2£fc5a#©*#£-t?;fc 
5o y57+©*AT!»-r j 5 s -*l4«*fflU>X (C) 
©WtflOOt, §Sn& (NA) #0. 8 0©i§£-efc 

5. **7 7+©a**s*7*-*i4**JBb:/X 

(C) ©&**<5 0& RDft (NA) #0. 5 5©if£- 
T-fc^o e-*/<9-SSjti<1 OH ( W / cm 2) ggfrg 
*nX««*©rt»K*7^*^#'S» h4«»*L. t°-* 

[0026] jfeic. *sat»«i=««u-HfJnxi=fe^ 

T» *v?»f«*»rtJ=J:*lPXS*jfc*©ffl»f©^* = 
XAI=o^TH8~Hl ItfflUTKBt*. @8|c^ 

5 ic, t **fr-ctax»jfcft 1 ©i*! 
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timwix-foZo m 9 j: a i=* ? vtm® 9 

irLT^y^A^blcj&ftU H 1 O 5 
i i i^s-T <fc 5 icini>y*^ 1 tfSQfta cticj: y anx 

i-*^5v^j4i»i=rt*-r**^*fe4L, mis* 

*i=Ai«B]ln**i*cfci=j:yfi6fi-j-*»^*fc*. 
[0027] ( 2 ) %K£i«*<$jiM^fiitt©4£ 

#*4) ©rt««=«***^*>-H:T, *#jfil=fclt«W# 
3tJ£A<1 x 1 oa (W/cm2) U±T'fr-3JiJ\,X<mtf 1 

J2rF©£ft-eiilt*4. cjucfc yinx*t*tt©rt»i± 

^^RJtelCfcoTSBfttlzJnfti+L*. d©AH»l::J; 
fMi tf »lltfr & S Hft**ttJ6*ffl«*© 5 *>'>& < 

mt Ltzmm^m^mm<mtLtzmm t 1*5 c 1 t, -e 

#*. *fc, »HMIi«*f±J|l£Att& $AKtt 20 
it. *«gS*itl=feL^T. &«flt&fit»l©«£l::£<E:l, 
fcflWtl^Hi:*-***. o*y, *£g«t 

^IS B H a ^it^^t;mitlc^bLfc^iit^Si*-r-5„ inx 

u ^ >*£»«&©*£, sa«ksis«(^ 

filirLTtt. «*tf 1 x 1 012 (w/ cm 2) /^u 
X*tt«*.fi 1 ns~ 2 O OnsAW * 
[0028] i/'Ja>^i/\a)rt»-e»]8 30 

[0 0 2 9] (A) inWWi'/ija^in (J¥£ 
3 5 0/inu H§4-f>f) 

(B) U— «f 

5fc3I : ¥«*U— «fBiBHd:YAGb— tf 
&ft: 1 06 4nm 

U— !f*X*? hBrSSI : 3. 1 4 x 1 o-s cm2 

«Lj£Lfl»ft : 1 0 0kHz 40 

: 3 Ons 
ffl* : 2 0/lJ/AjUX 
b— tfft&Sl : TEMoo 

(C) »&fflb>X 
: 5 0fg 

NA : 0. 5 5 

U— !fft»ftlw»1-*aa* : 6 0/<— fe>h 

(D) ftx^ftrtttCdfessa&iD&M&g : i o 

Omm/g> . 50 



[0 0 3 0] ill 2l±±Eft#T?0)U— yjDiicfcytt 
K 4*ifc v 'J 3 >$x/\©-asi=fcft*afffi©3?K£ S 
LfcHTSfc*. vU3>0ia1 1 (D^gptjgStMaM 
*1 34»»|*4*iTl**. ±*E£#U=«fcy»jSc* 
^fcj§ltffiSffiiirojl*7J[Riro^#*i± 1 o o imss 

[0031] snffiaftj* 1 3 tf&ftTi&mz <fc y j^jsg 

ZtitzZkZmWt&o Hi 314, b-*f%©&Jt& > 
•J a >*ttfflflS©a»*i:©li«£atr?7 
So fcfc*U S/ya>3M£<D*iB«i:«iail-l-*i.-r*i<D 
fitfjSfl-fcMKfcU «»©*©»»*£* LT^S. v 
y3>*ffi©J¥^tA<5 0//nu 100(ii, 2 0 0/jm, 

500^. i ooo/imffl#^(='3Lxr±iaBi«*SL 

[O O 3 2] mx.lt* Nd : YAG b— 1f©;^fiT? £> -5 1 0 6 
4nmlcfcL^T, v'J 3 >Sffi©J?#-#5 O 0 vmKkTO) 
i§£\ v'J =i >&ffi©l*lSp-ei4b— tfftA<8 0%KLt2i 
alTf-SC 11 2|cSf S/'Ja^nM 1 

©I$l±3 5 0/(ni-pfe^. #jlHMMU=J:«jnk 

«a«*i±s/ y =i >^ x/\©+«£>#jfi, o it y ss^ & 

1 7 5//m©»»l=»*S*Lft. £©*&©aaMW4, 
14 2 O 0 //iiOS/'J □ >^i/\mtt4i. 9 0 
%12Lh&fflT?» U-W^'ja^i/M 1©ftgf!T' 

Md*i««>tttt*-c&y« afc^tfauw*. -© 

Chi*, WJa^i/M i©rtSf-eu— Wt1fim.tiLtS 
kiX, &SM&3&#!6<e/ya>'J>x/\l 1 ©rtSPlc^fiE 

<o*y u-iffti=«t*a#©iPtt-c*»ffl3iisgE4«» 
it) S*ifc*©-cH:&<. JMMUflUMtfrftTOKl:: 

1661(2000^4^) ©m72M~m73H© 

r tf 3»/<jux u— tf i= J: « v y a >©iHjx#ttif«j 

[0 0 3 3] ftfc, vU3^i/\lt SH«m««$ 
jBjSiLTKiii*fil=iRi^oT«*i*»±4-&, ^©ffl 

^*<^> y a > ^ x / \o>mm t mmzmm? -a z t iz & 
y> mmtoizmisiztiz. i/yziv^x/Nrossts® 

ffitfij^g^iz^ft-r .5©i4, - Bjga&if @fc Lfc 

S©««^ 6fl^j£A-t «««r© 5 < 1 1 L^l* 

2 d^-Tcfc 5 lcrta!fc©^jtij!5!iSM®A<»^*it-5 0 

inxAMMfeonM=}Mi«Mnt«iiA^-«««. mm 
[0034] ( 3 ) urn* narrattHto** 
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u— tf**ioi»ft* m^uta^x) opqmzm%& 

££;bi±T. mUt&lzlstt&nsmgztM x 1 0 a (w/c 
m2) JiLtT-frO/^UXfgyfiM nsJiiTro^fr-eggitl-*. 

Kfit<t LTI4. «*.tf1 x 1 o« (W/cm*) T-fc-S, A 

nsJJlT#$?£L< , 1psfilTi**6l= 10 

mx.it. 14 2 0U— yftaiw^aixji (1997 
^. 1 1^) (on o5i~n 1 110 r^iAhu 

[0 0 3 5] a±fl)J:5lc*||lt»»|zJ:*ili, 

i=«fcy, a««**A»*fiii=»orit-s«t5i=tt»» 20 

[0 0 3 6] W&OfkMWtMmz^XO^vtW* 
««U=K«r*. H1 414. 44Ufe»ttl=««U-iftt 

«9 4<»rt4*tfcipx»sitt 1 ©asB-ca&a. 
[0037] --DO^-jcmmQw^^miz'D^xmm 

Ml ©f*Jg|i©«S2 1 ft3ai=-&*>U, fflWTS^W:/ 

5 f=» o t**jS & tnxMMfe 11=/ 

xw«f3a*!iarr*. cju^y, t^ytmma 30 

(9A) ^fllBf^Sg^-fVSIZjBoTlOXStjMfcl©^ 

La&jfe££lnx&fta 1 ©RfflSaHftfisttftfc&b 
U WBrPS^-f >6f=»oT**ja**»4-&ftjS(t6 
ini»tait/^xi/- WH-tBIH-*. C<DBB*t 
l=<fcy, ^^-^^MUSg (9B) i«aSrP£5'f>5fc 

jeoTjnx^mti 1 ©rtSP©a®3#ifiicjgfig*^s. 

[0 0 3 8] -t LT» Hi 5IZ*f .fcaic. ?7 9£fii 
&9A. 9Bfr&2^*9 1#a«l=]*JMN5 0 BL< 
li*7t»*9 *5v*«*9Afr&«ii2i:fr 40 
IrK 97?910ft9A (9B) jfc&^vt^fBMgB (9 
A) 7JI6K -!>5^^Mlt9B^P,*ffi3SlRllc^^tlS 
&l=J&*-fSo c^lcty. «J»HPJ£5-r:/5'l;:»ofc' 
Jnx»** 1 (DM, TT*fc%«l»fiBt«*iSI=fe^T, 
»X»ft* 1 ©ff**fll=*< Etf fc$ ^ 9 £fl2$ 

SIM? SgltXttBMnl-* C i: ft < gftCttrttftfe 1 

[0 0 3 9] a±(DJ:5l=*Sat»«l=J:*ltf||»(D^ 
5f^*«9*»riW-«Cfc|=.i:yjpx»JW(|i ^«Jgf 50 



J63Bffil=«fc*itf»x»tia 1 ©ff*i<Jt«W;*#i*J§£ 

^inxaf** 1 5 *?w$i 9 ff2j3£&©£ 5 -v 

*9 14t*ftLI=<tM|*«l=fc^T*. 1DI»*HB1 

[0 0 4 0] X-pffl^5t/^ffiJ*9/fltT?(4«IBr 
#Blt4W&, HofiLh©^5v^««9t»jjW-*. 

t»^«W9Bfconm=^5v*»*9ct»jw-*. * 

fflB**fi!tiaS-j-4*lRll=4i«Bf1-ftcfc3i< 

[0041] *3dfi»»i=fci^T, ^coo^v^m.m 

9J4. /^UX U— «f3tLi«AJrt-*lPl»jMfc©AI*IB 

(«it.tfaa3) i=»'LrjaL**4»6«(=»^-rs©36< 

tfSLl*. ftla.(£Hl 4l=fclvt\ 5fcl=$> 7 ->^^J|E9 
A£»j*U *©«!=* 7 ?*fii«9B£»ja-*-S. Ait 
BBI=a*LriSU*!^6«l=^5v^1i*9*»«-r« 

/ <;UX U-if *Li«ifef =» J* * *ifc ^ 7 v ^ «* 9 1= «fc . 

«9*flldE-^* 1 V3 h©/^UXU— 

KteJ^SC L\, Cftlc&LT, Alt® 

i=»Lrm»3&*»6l«r=f 5v^««9*»fiW*fc± 

fBifcSL#Xi:fcU©-C% ttl=»j*S;h..&* 5****9 
£ JS-f =»**- -5 d <b #T» ft 5 „ 
[0042] flU *MS»»=felvC, tt»©*5? 
f **9©»rtJRrtf|±±Ei=|BS*ti-r. Aix&*«© 

7>^AI=^jSLTt ) J;D <> =7>?M.\zBf$.tlt. filjx. 

f ffttQBtHAU b— tf3t©AS**|pI*S 
»l=LTdftftl=^5v^1B«9AS»«-i-*fl!>-cft* D 
[OO 4 3] tt»©*IMH«»*J=OLxT. -9 5 

<b«J|ET-tH«©Ci:4<Wx.-5„ /^XMf* 

[OO 4 4] *3KHs»ttl=ff-B U— !fjnx*ai= 

1 8i4z©u— tfioxgei ooo>«MMftj£H-eft«. 
U— tfttaXgg 1 0 0 J4. U— "faU.***-*- -5 b-+F 

^fctofcu— «f3te3ii o 1 £««p-r«u— ifjfexflffBH 

I02t, U-ifjW-fflJEIttMIt * L^o U— y^L© 
3fett©iRlt$9 0'' Xic.«<):?l=Ea$4i^y-f ^n^f 
f^57-1 0 3 $f-f ^D-f*/^S7- 1 0 3T'S 
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*jnx»»* 1 &mwzHz>mwi$ io7t, nwis 1 

0 7 *XH*fil:8BSt4fclt)fl»WIXf- { ; 1 o 9 

t«feft«)Y|*Xt-iJl 1 1 <t, 0 7^X«l& 

tfY«l*lRll=lt3!E-r*Ztt*lRll=»ffl*-a-«fcft<DZ«X 
f-v1 1 3 k, CtibEofflXf-v 1 0 9, 1 1 1, 

1 1 3(D8M£M»*SXx-$?*!l»SIM 15t. £tft 

[0 0 4 5] u— tfJfeS 1 0 1 i4A/ux U— «filltt«± 
f <6Nd:YAGU-1fTffcS. U— *ft/LS 1 O 1 izffil^C 
fffcLT. C©ffe. Nd:YV04U-if^Nd: 

««^»»ffia««S»l«-r*a*, Nd:YAGU— If. N 
d:YV04 b— if. Nd:YLFU— - 9 : £ffllx-2>ffl#S?jil'C &■!>,, 

[0 0 4 6] JbfcAPoXOQNc&AOfMIH:, »x»* 
ii*xcoi^f-5io9 (i 1 D i=j:yxoott* 

i©*W3t»«-i-«3&fl4©-e, Aax*im#ii i=A*f 
r*u-if3tt.fl)»jfi«*a>*ftfcft*. iot. mx 

fflrtftl:: U— y3feL©*ftjflP*«*)#4Ci:*« 

■5*4. ojy, zi^xt— v 1 i 3(=«fcyiQx*HMfc 

*Ll=<fcy. «*jftP« Jnx»*«i 1 ©»**Ri 

(=fc^TW^©*»©&SckyA»® (*®3) l=ifiU 

tt«x»«iHt«i=naLfcy, h^©b§¥#©&mi= 

«ifLfcy-ri^i36<-e*4. fcfc, *ttfflb>Xl 0 

[0 0 4 7] ccx% Z$Ux— • J?i=«fc*iiii»*1fc© 
JJ**lRll=felt*«*jSP©fi[«fflB»l=-3^-cHl 9 
StfH2 0tfflUtK«t«. **Jfi»JS-C(410X»jfe 

fta>w*35fii=fei+*u— «f «©***©<&«£. ipx 

&#ltl©a® (A*fH) «W£ LTttX*t**©|*» 
©BrS©tt«l=lWiLTl*3. Hi 9 lib— WW.©* 
3ftjSW»X«ft1fc 1 ©as 3 1=41« LTl^SttttSiS 
LTlx-5. 112 01=^4.31=, Z«Xf-5t«*)l 
U>X1 0 5l=l^H-rz»»S-&4t, *%&P(i&6i3 

**M ©rt*PI=fctt*»»»*NzT*&S (MttU— tfifeL 
l=*^*lQX»**j1©niT*-e*S) o cfcoT. u- 

■«fjai=>W*inx»** 1 ©ESf*£#fltLTZttXT- 
l=*m«**jSP©tt«*tt»**citfT?S*. 

y, «*jap©inx»jfc«ii©jj**fli=feit*Bfa© 
&g£a® 3 * aix^m i ©wass-ewMs (Nz) 



t-r*. co@t'(Nz) *±ehst* (n) t-its^ 
ti=«fcy»6*Lfc»»* (z) Kit. »xajfctti*j¥ 
#*iRii=»»*-a-*. c*.t«ty, ±iepjfM©eMicft 
AjSP**fc-ii-*ct3a«t»#* 0 

[0048] b-+FJnXgMl 0 0(4461=. ««£1 

0 7 iz*«4*ifcJnx»»* 1 *Rra*«ic j: y rwt 

9P-f^55-1 0 3M1*IU>X1 0 5iBt 

*»±i=E«4*ifc^a*«ffle-Ax^y?»* 1 1 9 

10 t-AX?'j7$1 1 9i*ifflb>X 

1 o 5 k<Dmi~?-< 9 n-< yl> z^— 1 0 3A<Ei^^i 
Tl**. t-AX^'J»^ 1 1 9I4. wa*»©|i|¥» 

« l« y ©¥a*aa*«iitte* L*owa%a 

©*!4©(Sl^^9 0° *x.4«fcai=E1I4:h.TH4. « 
£ffl%£ 1 1 7 6 fg£ L fc pl?15tfll± If— AX ? 'J -V 
$ 1 1 9-CtMi$h&«filtS*U =ffl£»**ifcpra*« 

m^n-<«^57-i 0 3ai;**fflu>xi 05 

20 [0049] u— »flnxS1ti 0 0144 61=. t*-AX 
1 1 9. ?-ffP-f';5S7-1 0 3&tf&% 
jB b>X 105iH £#t^l::E«4;h.fc«*JlHF- 1 2 
1MMU>X1 2 3$iiS. IMS?- 1 2 1 tL 
TJ4#]x.lfCCD(charge-coupled device) * ^ 7*<fc-5. 
«K*JE^-f > 5 *?£l£fra® 3 ^BIB^ Lfc PFSSfeia© 
£»*tt. *5tfflU>Xl0 5. ^^P^«^57- 
10 3. f-AX?'Jt/$ 1 1 QSajAU t$«U>X 
1 2 3t«^tlfl^1 2 1 T«4=h.. 

30 [0050] u— Maxggi ooi44 6i=> ill? 
1 2 1 * &aia4;hJb»^^^-*ffAa4ifc*^**^ i - 
$' nmu 1 2 5 1 . u— tflnxwi 1 0 o ±»mnt 

^IIIW1 27t. i-ji 1 29k. Zmtto a 
ft^-^AMl 2 5I4. ftftx-**Sl= LXS^ffl 

LtXf-9flU»1 1 5A<ZiXf-v1 1 3 

«u»-r « c t ic«fc y . w«%©*£^«ii 3 1=*3 d; a 

ckoX. tt^x-^ffiSSBl 2 5{4;i— h?* 

KftiTf •62*bX-r— i?1 1 3©&Slzfc^r. u— tf 
3tL©«*jSP t a® 3 fztMW* <fc 5 1= U— tfinxgg 
1 ttMtt*iTl*«. *fc. »«x-4t«yi»i 2 5 
14. ««x-^^*lcLTaS3©ffi*iS^I|fflB«x 
— **«JM-*- CfflH«T-*l±^*«»»1 2 71= 
^*©Jfflg|5-e#afflSA</«i:4^. =E=* 1 2 9 
=4U=J:4, ^E^^1 2 9l=ffi^li^»A< 

a*4*L* 0 

[0051] ±WnmU 1 2 7 f=!4. 1 
50 1 5Axb©x-$. »«x-$«iaS?1 2 5frt,©!H£ 
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7 s — *«jb<A*U c4i6(Ot— *t*l=LTU— If* 

stwan 0 2, tt&gftsi 1 7 atjtx-T— s?«»9 

1 1 5*«»1-4CtlwJ:y, b— !fJniS«1 oo± 

$a-7htLTit«„ *fc, £<*{6TOSf!1 2 7 
(±, 01 9&tfB2 07RnU:Sil (z) ©-r-* 

[0 0 5 2] #tf=, HI 8X1*02 1 £JHin\ 

»«I=«4U— *flOl*atKWf *. BB2 1I±. z© 
b— tfJnx35a*KWT5fc«)©7n— ^-v— h-cfe 10 

[0 0 5 3] f-f, Jnx»**1©3lfc«MR#te*HSL 
ftl^3fc*S«-*|- J; y C©»3£tt*|=*r5 

i>swou- **ls**±*-*u— *f%si o 1 £«s 

(SioD o *i=. inxattMfci©** 
*. «4©aS«S«atflox»fiHil(OBB»***l=L 

x\ 2nx#*a i ©ztfc&ra©&ni: (z) ssurr* 

(S10 3) „ Z*U±, b— !f3teL©**jSP*«inx*tJi 
1 fflfl»f::ti«*-&*fc*>l=. AlX^jfctt 1 ©«® 3 20 
b— ttfcUDftftdS***: LfclPXSft* 

i cDZtti7Jia]<D^i!iMT'fei, 0 o*y, irax*f&&i© 
JUtffir A 1= & it « *ft APattatfftS «*£P 

oesttmx»ft* 1 ©m*. wires** L-cas-r 
s. *lli£»ffi-ei4inx»a*ifl)rt«©iEiBi*ifii=* 
*£P*fiS* i±3fctf>©!g 1 SSifljf- 5 <t S® 3 

««l**2»»*©7*-5i*ffl^r»j«**i4. cftb 30 
©•■•©x-^HAfttlWII 2 7|CA*^^^.„ 
[0 0 5 4] lax»ft*i *b— Wnxsaii oo©« 
S£1 0 7|z^«1-5 o *LT\ «f?ffl#3Sl 1 7fr& 
W«**«4**T1PX««* 1 (S10 
5) . KWSftfcWPS^-f >5*£fcloi#**i 

©a®3$««m^i 2ii=j:yji«-r4. c©it«x 

-*I4»*T-**UI»1 2 51=316*1*. C©W*T 

i=»ov-c»(gx-$ mssb i 2 5 ttmmmxm 1 

1 7 © qT8%©*£*<Sa 3 l=tt«f 4 «fc 5 MMx- 

^satiF-r* (sio7). 40 

[0 0 5 5] Zffi*tfS5*— *tt*T— 5?H»91 151= 
iI6*L-5c Xx-i?Sffllg|51 1 5tt, :©tif-JS 
ai=LTZ«^x-v1 1 3£Ztt£fi©&tt£-i*« (S 
10 9). CjllcJ:^ m§?ffl3fc3Sl 1 7©pT83fc©« 
£tf«iI3l=«MH-*. 1 3©C©&« 

l=fclAT, b--tf3feL©»3fe^Pli«® 3 ictMH- 

■SZ£l=fc-5. WSx-*»S»1 2 5(4S^x 

— 5H=*0*UT. «IW*3l7-f>5**t?lPXSf*1fc1 

©^aaffltt^Bft-f-^satir-r*. c©it*»*T 

— *I4±*MHMH 2 7^Ut-$ 1 2 91=316 50 



*U ZtilzJat)^—^ 1 2 9l=«JBr*£5-f >5#5£© 

[0056] ±ft$i)®Sp 1 2 7 i:ii?ftxfv 1 0 
3T'&S£:h,fcSfl 1 »»*©T-*4«A***iri3y s 

ccsm*©^— $#;*t— s?t!i»»i 1 5i=S6^ 
•So XT—'Jtm&i 1 sttcwSHA©?— *l::aS-3 
HT, b— !f 3fcL©*3ftjSP4«Jnx#fttt 1 ©rt» t ft* 
tt»=, ZttXx-vl 1 3l=«fcyjni*MMtn$Z«i£ 
fli=Vtt$-g« sin). c©fcSi5©t£Miiaax*t 
ftttl ©SSffiE-efcS. 

[005 7] ^(=, b— ifjfeaa 1 0 1 An 6 b— tf3fcL£ 
*£4#T\ b— 9 s *LSJnX»*tt 1 ©Sffi 3 ©tJJW 

*S7-f>s !=■!«-*. b— wtLofbtAPadtaxs 

MMfflMH::tt«LTl*4©-e % ^liMaHHElotjQX 
S**M ©rtSH=©*»J*S;h*. ^Lt. ttlBrPJg^ 
■Y b 5 |z» 5 J: "5 fcXflUf— 5> 1 0 9 «Xf-v 1 

»5«fc5i=iaxM*^i©F*3aii=ff$Jt-rs (Si i 

3) „ sKffiaiittttttix^ftitai©^©?^. «® 

[0 0 5 8] ?fc|=, Xf'^Sl 1 1 ti^il-Ltl|2 
»»*©t-^ l=*oVT\ b— «f3fcLffl«*jjlP4»Jni 
©fc$©«® 3 tfjfi £&&&«!=, Z$|Xf- 

vi 1 3i=*yjnx»«ttiftz»i*iRiiciwii*-i*ft (s 
us), -fc Lt, xir^^si i 3in*i=LrJnx 
Mftttl ©A0lcSnO91|tt«»JjM-« (S1 1 

7) o c©XT-v^-cj±*HMa3iiS«4«jnx»»*i© 

[0 0 5 9] JnX»ft«|1*WBf?S7-f>5 

(=;Sorfiif*ztt=<fcy. jnx»*fc i saw** 

(SI 1 9) . z.tilz&i) % kijtltll £->'Jab^ 

[0 0 6 0] *£Jfc»tt©»S£KH-4-«. *HJ£}i$ffi 
K **itf ^*?«ft*iBc jfcft-e4vojnx»ft«i 

0 9W#xf-i?i 1 i*»»*-&4cii=«fcy, * 

3t^P*«liT^^7'f>5l=;{}oT^ll$-a:TLNi,o C 
*U=«fcy, (^x.tf^7->-?^Jt. »HjQ9« 

eSrWbMm) *WB»S5-f r/si=»5*dl= 
lDl«ft«j1©n»r=»*LT^*. AlX»M©tDRr 

1 €«*c:itj:y 4 ttttffi****-cjnx«**i * 
WKf-Sciit-c**. ^I=«fcy, Aix*ftMbi©X 
® 3 1=«K : ?S7'r b 5 iv 6 jWifc^*S4**iS«£fe 
***Cfc4<lBX»«*1 t«BW*^i:3&«-C**. 
[006 1] *SOt»«l=«fc*itf, teiMfti 
f=*3t«kJ|!ltfi^*#**ftT»^-3jni»ft* 1 ©rt 
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mzm?t*p&-& fritz, /^uxu— fULzmmtt? 

-r:>5l::MltLTl^ 0 j; oT% /^ux u— tfjtuiia 
X>tfft!$|1 £giIU JtaXftil$fc1©SM3-C*f±^;*. 

tfUCHT'SS 3 #j#Iit|©^ -v^SlfS Z £: lift 

[0 0 6 2] ei±KWLfcJ:3l=*SIJ6»ffil=J:*i.li. 
tti»«* 1 COSH 3 fcWBr*^ -f > 5 b ftftt::* 
j&5fciMi-fc»lKtf£ C & c «t ft < , Jax*f ** 1 £tjj 
if-T-i)Ci:A<T'#i> 0 iot, Jnx»*iJM AMHAtf* 10 

^*ifc^sfta*i*»»3&«4i:4cift<, 

??£^i*^x/\fr&«iy a*:: £91= 
««/<$->#*M**4iTusinx»*tt;e, Em«^ 

5lca®lc«T7 ; /^*'rxAW$^^TL^^J^X>i^*felz 

S) ©*H*y*lRl±4-&4Ci:4«l?#4 0 20 
[0 0 6 3] *H»^l=<fc^tf, Jni#«*i 

©«®3©^B^5g7^5!i^l4Lft^©T^ 

?ift«1Mffl±©IHIII-Cfc*. ) *#h 

*<x*#So c*u=j:y, -&©jnx*t^#iifr&ftsi ' 

[0 0 6 4] *siifi»fflr=j:*iii, Jax*f*#n 
©^BfHtaxKU— !f3fe£ffli^©-e, K*t> 
2 zmvtz?4 <s><?*. y tttitftiipxA^wtttfts. 30 
@23 ic^-r «fc a (csotgn^^-f > 5 tfttitft 

»Efcott, *«*»»l=«fc*itt«IWlnXA<Rri!gi: 

ft-So 

36rSi=»orat*«fe 5 i=a»»«t 5 - <t 1= J: l J . inx 

&„ mutt. mx»«*ia>iy— tf*OTAit*ip]<D^ji 
#ifc«tt**iMia*. 2nx^ttifi<3cKifitt4x&9 

»ofc**««4»-*«lfCI*iPX»ft*1 ©«IBf3i«H 40 
H-Cfc*. IS^t, C©,fc3fti§£, *S5*»p©«t5 

[0066] 

i= *e 7 <* > *Hifca 
5o *it. ttx»»*«ffl»rr*citj:yft«**i 

«8& Elf/UXf^, 



[0 0 6 7] *fc, U—WPX*ltl=J:il 
tf« a»fflaJt«*S»«t-4Ci:KJ:yiPX»ft*S 

*nx^^fflJi^tfcSW*#iMi^^lzfcLNr%, ia 
xm*©«IK*nre£:&«. 

[HHoffimft^B^] 

[Hi] «f»x*ai=J:oTb- 
■•fjax^ffltoxjif^ro^MH-efc'So 

[H 2 ] H 1 fcS-i-inxSt**© 1 1 - i I tttj&ofcKBi 
0T?fc-5 o 

[03] *Wt»«l=««U— Wnx*ftl=J:4l/— tP 
Jnxa©inx»JMij©¥ffiBn*fc4. 
[84] 03 i=s-rmx»*«s© i v- iv«i=»ofc»Bi 

0T?&S. 

[■ 5 ] n 3 i=*+tox*wnfflv-vni=» -3 few ®n 

[H6] ***»JII=«*ly-1fJDI*ai=J:oTfflBr 
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